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P But the principal failing occurred in the sailing,
mnos .- And the Bellman,; perplexed.and distressed,
. " Said he had hoped, at least, when the wind blew du
CEast, - 4
That the ship would not travel due West!
—Lewis Carroll; The Hunting of the Sﬁéfk
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processrng. the issues of computlng and h1gher educatlon have: enlarged to rnclude ’

questlons about the natnre of mfol;matlon transfer on campus and aboiit the role of

"~ ating the né’flon s;transmon to an 1nformatlon economy m,whlch over haif of the GNP
comes from lanrmatlon related act1v1t1es Thls 1nformatlon based economy fac1l1tates .

we commumcate are transformlng”the natlon 1nto an’ informatnon socxety The transi- -

'+ tion has been exttemely rapid; and because it has been largely unplanined, with con- ,

o t1nual new unexpected developments itisan accrdental revolution. . . .
T ngher education in partlcular has been slow to respond to the challenges and

opportumtles of rapld technologlcal change Over 2% of the higher education budgetis - .

devofed to contputlng but because ‘more than half of these funds are for adm1n1strat1ve

new technologlcal developments will soon put pel:sonal computers within the reach of
every stident. The cost of a m1croprocessor/termlnal/typewrlter will be equivalent to
the price of six books, or of a slide ruléiis H8-1960’s. Parents throughout the United
* States are showing theit interest in the new ‘ediicational possibilities by purchasing

»

‘home computers, and in some cases are outdistancing the concern of the educational

establishment by using PTSAs to ralse money to place mlcroprocessors in high
schools . : Sy .

puting in hlgher education. In the 1960’s; the last time a study of this nature was ufi-

dertaken the na.tmnal 1ssues were how to 1ntrodnce the new tool—the computer—

problems for the 1980's w1ll requlre a broader approach to consider how to mtegrate

the tradltlonal roles of higher ediication iito the new “information marketplace” and

how to link the interests of education; industry, and government in efforts to improve
" national product1v1ty

A panel of educators and 1ndustr1allsts played a major role i in developlng a can-

sensus statement of the issues dnd the recomimendations for action which form the

conclusion of the report. The primary recommendation is to develop cooperative pra- 2

“grams to werk with profess1onal industrial; government; and educational groups in

order to support computing in higher education. _The' panel recommerided that a com-

* mission to initiate-these activities be establjshed thfough the Natlonal Science Board:
American education and scxence play critical: roles in’ meetlng natlonal needs, _-

and will be impartant in aiding the transformation to an information society: The rec-

ommendations of this report to 1mprove computlng in hlgher educatlon are set against
th,ese background issiies: g :

sition to lnformatlon based economies through joint efforts of rndnstry. govern-

\ ment, and education. ' - _
. [ncreased product1v1ty and trade w1ll beclosely llnked to ‘our ablllty to apply the

resrults of new developments in m1croelectron1cs computlng and communlca-
* tioms: . .

; ',- . :‘:., - R - 6 ;;T
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1. mrréoouerroﬂ AND FINDINGS | R o
e . ' 3 ' '
"After growmg wrldly for years; the field of computmg now appears to be up-
_ proachmg rtsmfoncy o

; PiercaReport, 1967
- 4

2 The field of computmg contimes to grow wuldly an& is still approachmg 1in-

.- - s

. fahcy. When the Pierce Report1 was .written in 1967, about $200 million was being .

spent annually on computing in hlghel‘ education; bver $1- brlhon annually is being

spenttod . The percentage of colleges and universities with either their own comput: "

5510 them has grown from 10% to 90% in the last 15 years. It would seem .

e have achieved the goals set in the Pierce Report for - remedying the deficitin

~~tempiifing educatioy so-that “No American’ need have second- rate e)ducatron inthist
respect.” s . . : :

or have we? _;', o B .

p ~ The fastest growing segment of computmg in Higher education is not:;instruction;
Hotresearch, but administration. Over half of the current expenditures are for adminis-
trative services. The funds spent on instriictional computing are approximately $20-

per student per year: The Pierce Report estimated that aboiit 30 hoiirs | per year of inter- =

active computmg were required for undergraduate use (averaged over all students).

Currently, use of midi computers (com;ldermg all costs) can be provrded for $2:$3 per .-

terminal hour, meaning that the current $20 per student could_provide 19 hours of use

per year, or one-third of what the Pierce Report recommended. nearly 15 years ago:

Thus, we are not yet near achieving the goals set in the Pierce Report for instructional
use: These goals still seeim . app__qprratéwhen we examine the current use at schools

auch as Dartmouth and Garnegle Mellon which have the commitment to, and the facil-

ities for; interactive computing: , , 2
i . : X

/ (1) Computmg not only calculates but transforms information. Tradltlonally

_computers have been used in education as research tools, subjects of study; and vehi-

clesfor training students in computmg languages These apphcatlons arerapidly broad- P
enmg o thgt com puters are used to: '
{a) Aid in mstructlon (computer-alded instruction and cfomputer-based educa-
) tlon] T ; v .
(b) Edit text and process publicationg; ] o ' ‘ -
{c) Access libraries and.data bases:— - e
. (d) Commiinicate messages (electronic mait). S
These new opportunities provrde aaﬁtlopalcaipaollltleﬂn accompllshmg mtelleel@ ‘
tasks. Thus we have added new tools to thetradrtlonal\pen and pencil, typewriter, 'a”n’d
" telephone. ‘ N :

—- -

by . C e e

1 Presldgnlisclenc(‘ Advisory Committee, Comguters in Higher Education {Pierce Report). The reporl as-

sgssed the needs of computing in higher education and warned that growth in interactive computing would
réquire significant resources. -

- 3
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) The nex‘t stages of computer use will have'new: and quahtatlvely different effects

that will ripple through the frameworks of existing institutions causing controversy
and competmon for.already tight resources. Opportumt)es for diversifying the educa-
tlonal process will arise as we develop new and more prodiictive instructional tech-
niques through the confluencenof compliting, communications, and video disk tech-

nology. Already we seé a large growth taking place in education outsrd‘e of tradltronal/

! institutions. Tdday oVer ten billion dollars is spent -each year on continuing education
(semm"'s trammg]
evi l”tlon in computer power (2‘5% per year gains in performance for the

past 15 years) continues to create optlons for new:applications: Eaéh student will soon-—

be able to afford his.-or her own m1croprocessor/termmal The fharket for home  com-

puters in the U.S. has gréwn_ from zero five years ago to ;over,'.300 000 umts per year
today: Few secondary schools will be without um& PTSA's today are purchasmg

them for their étudents mstead of footbﬁl umforms this reflects new prlorltles in edu-

cation. ‘ ;
(3) The current talent pool in hlgher edchatlon capable of meetmg the needs for

mstructlon and research in compiiting fails to meet our national needs by an order of -

gnitude. Reports from the National Science Foundation, the Bureau of Labor Statis-

tics, and computer science groups indicate that this imbalance w1ll coritinie to grow.2

The table below shows the current estlmatvof'the problem in computer science (not

inicliding enigineering and other fields]. Ca
: o ¢
. _AAL BaBs - | _Ms Doctorate .
GRADUATES 33.000 13,000 " 3,400 330
OPENINGS 26.000 T 54000 - [ 34,000 1300

, U — — I
Soarce: Hamblen, Computer Manpower— Supply and Demand—by States, p. 14. i

—

=
‘ Thn s the ma;or problem area exrsts above the assoclate level.

The deficit of teachers at these demand levels is exacerbated by the d1ff1culty of ‘
.Tetaining yougg faculty mermbers. diie to-the lure pf ‘high salaries and the avallablllty of -

Ay

specral17ed computing facilities within indiistry. As Peter Denning, Presrdent of The .

Association for Computmg Machmery has said “We are killing the goose that laid the

golden eggs.” i _ -
(4) We*must broaden the framework fdr dlSCUSSlon of computmg to consrde the :

current role of education in the transfomnatron of the United States from an industrial

to an information society. Followmg Machlups description of “knowledge prodiic-

tion,” Marc Porat in 1977 completed an extensrve stndy of the information mdustrles

2. Science and Enﬁi"""f’"’

partment_of Ed ucatios Oceil

Bulletini 3020, Washingtoi: CPO 1979: "Rejuvena Experimental Computer Science: A Reporl 1o the N- ~ -
tional Scien®e K tioh and Others,” lerome A. Puldmnn and William R &utherland eds: ""A Digciplinesn 2°
Crisis: A-Report,” Pefet |. Denning ed. . .

7 . S - :
S F

Training Data, 1973wd..

.J‘
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. and their 1mportance to the U S ‘economy.? I He showed that the predominant occupa- -
- tional distribution has shifted in the last 100 years from farming to industry to informa-
tnon handhng (Chart 1-1): Information procéssrng has become the dominant national

economlc ‘activity. Information activities (both direct and indirect) now account_fors
over 46% of the Gross National Product; and over. 50% of the labor, income is now C e
earned by ififormation workers. : y -

Information is~the foundation of organizations and the essence of education:
How mformat}on is gathered and stored. who has actess to it, how it is used—all these
affect the structure of an institiition. Parat pointed out that the lines separatlng institu-

trons are blurring due to the cha‘nges in the distribution processes:

Abapker, a newspaper publisher and the Postmaster General do niot fancy lhemselves in the sarme
business. Yet they are all information brokers specializing in the retail packaging and distribution- - -+
of [unlike] information services. l-unctton and»form are converging, driven by a convergence of -

tochnologles 4

Busrness and lndustry are fast reahzrng that the computer is riot & computer
for calculating but a tool for information processing. New applncatlons of these infor-

mation tools (compiitefs, communications, and software) reflect new opportunities to
improve the prodiictivity and effncrency of thrs segment of our economy, whrch in turn

- affects all other sectors:
. ' These changes are Ieadlng to what has been called the * mformatlon soclety
Other nations have identified the liniks betWeen education, computing; research; proJ

ductivrty._and the information society and are planning and investing to achieve new

economic_goals. Thé Japanese have an lnformatron Socrety Plan, the French have a

Plan “Telemathue "The United States is just. begmmng to identify the rales of, and

the relatronshlps between, the different sectors in thns tiéﬁéf&h’ﬁénon

’lﬂe curLent shortage of computer scientists hlghllghts the relatronshlp between

‘ computrng in higher educatron and national needs: Not only in computer science, but

in all areas.of trajning, research, and instruction; hrgher edqcation cbntrrbntes to na- _
- tional goals.ini prodiictivity; tfade, research; and citizen partici

pation in:spciety. As our
-economy Becomes- rncreasmgly dependent dn the production and distribution of infor-

mation services the many-roles which compiiting plays in hlgher educatlon will be-

come more lmportant to our natmnal welfare:
- However, if compiiting is to mak§ significant new contrlbutlons to educatronal

and national goals; there are three problein areas with which we must deal:

Instructlon ' a . .
.- Technologlcal innovation has created’ many new educatronal methods; but these

must be carefiilly assessed in order to ensure that. they increase productivity and that
an environment condiicive to their. diffusion is provided. Also, there must be more
' mcentlves for mdivrduals and organizations to develop instriictional materials.

\‘l‘

Jii P -he Informntron Economy. - . - ; .
4; Porat; “Commumication Policy ini an lnformation 'iocmty in Communications for Tomorrow, Glen O. Rob-
+iniso ed.. p: 28 ) . . . , .
. ' - AR " 1 iy A - ’
v T N ER . ] 0 . .- L
toe / o ~ '..",7 - ' . : '-, ¢ 5 .

/
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“»  With the growmg 1merdépendence among educational institutions and ¢ among o

i unﬁeISIties and indu:stry, niew strategies for resoiirce sharing feedto-be. developed L

. {Capital investments must also be .made for veryrge computing Eacxlmes, anc} access

to these new tools must be f)fawaéa : ) s d

¢ - - Resource Conflicts
Although allocatmns for computmg have grown s1gmf1cantly. and student p popu-

,-latlbn is remmning constant, the revolutlonary growth in computmg applications is

cansmg severe problems in reallocatmg already-scarce resources .to ‘mget the needs.for*

. computer._ access: Insututloné ‘must assess their new needs and attempt new ap-

- proaches forsolvmg these problems o o -5 K= .
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Whlle mformation technologies are flourrshmg in busmess industry; the profes-" _

v

srons ‘and the government; the field of education haﬁ yet.to. tal(e full advantage of the

new tephnologres J.C.R. Llckhder notes:. T o

.- . R . -

N g
Education 1§ not only missmg a great opportumty. it is l’alllng to drscharge a crucial responsibrl

- ity,. The world is rapidly oving lntq the “information age.” In order to make the transition

wisely and wé]l; the-public must understand information science. and technology-. People&must; o

mas(errthe ‘echnology or be mastered by it.S . A

1.3 Fmillngs T L ‘ : . R
T 'The study S ob]ectwe was to 1dent1fy thet natronal 1ssues of computillg and hr:gh’e‘r -
. education. ._. . : "?}. PR

.. .The findings. are

" (1] The nation is in the process of dramatrc change in, 1ts economic and 'socral o

: frameworkfrom an industrial to an lnformatlon society. . ot
e (2) Educatlon has an 1mportant role in thrs transformatlon ' U

. ;;'.j"& '

1nd1V1Jual roles.are ng longer so w1dely mdependent .

" (5) Computmg and information processes in universities wlﬂ require planrtlng k
and:awareness by faCulty, students; and administrators. Reallocationsof al-

‘ready limited reso,urceswrll continue to be necessary. ' coo i
* (6) The primary national issues for computing in higher educationare: ¢
' (a) Contributron to natronal goals ) 4
('b) Public computer lrterac‘yft;bmpetency

(c) Resource sharmg and incentives for diffusion

- {d) Structutal and orgamzatron changes in higher educatlon
" (e) Néw options for instraction N o o
(f) Research support , . L T s

1 4 The Accrdental Revolutlon

Over 90% of the mstrtutrons of hlgher education have computer services -

- (through their own eomputegs or r.access to others’ through terminals) available which
" are used inginstruction; research; and admlmstratron Taday over 50% of the hrgh
schools in the country have computers and with the rapid introduction of micropro-

cessors and personal computers ‘we can expect that by 1985 over three-fourths Ef hlgh

¢ Thls is an accidental rather than a planned revolutron College and umverslty

) faculty and admrmstrators aré aware of the changes but unsure of what the revolutron .

6. J.CR. Llcklrder ‘Impact of Information Technology on Education in Science and Technology m;Technol-
’ agy in erenre Education. p. 1. .

B} . . . b -

. 7 i - .
| . Cooa oy Tk
Yoo S J I - . -

N
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puting improve quality (at additional costs!j? What aré the incentives fo develop in-

Steuctional software? Who will evaluate it? How can scools share resources? 7
.. We have used the subtitle “Accidental Revolution" in order to emphasize the
unplanned nature of the sweeping changes brought to higher education by the intrp-

duction of one of the first new intellectual taols since the printing press—the com-

£+ ""The revolation is aecidental because the introductior of this new 0ol does more

* than improve the productivity of the existing pracess—it challenges the assumptions

* * which we unconsciously make abbu the natiire of work and learning-What will edu-
cation be like in 1990 When terminals are portable and when computers, with the
powe foind today in onlizlarge Systems; ar

the Nbrary—rot as a reposit

knowledge? =~ = -7 .. . v .

'™ A popular phrase today is the “reindustrialization pf the nation." Biit in order to’

. o “reindustrialize” we'witl.heed trained peaple éﬁ{i-édvange'd research facilities to carry
out the-ghanges. Therefors, i 1

fore; we must modernize our universities and colleges so. ihat
we {ah'prodiice the talént—the intellectual capital—required for mational growth:
Coel L Hy, L L T T , o ;

ge Systems; are in each home? Will we be able to rethink.

ory for books but as a system for providing access to -

+

AN

et
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‘2. APPROACH =~ -

,,,,,,,,,,,,, -

In 1977 when a simple growth model for interactive computrng at the Unrversrty

of Washington showed that the-academic computing budget would have to increase by

a factor of five, we realized that there was a local problem.! After discussing thé prob-
lem with a number of academic computel{ center directors at the annual Snowmass
‘Conference, we reahzed that it was a national praoblem. Academic compiiting had ém-

: breced the goal of widé- spread interactive terminals for instruction and research biit it

.

_ was not prepared to deal with the costs of implementing that goal

While discussing alternatives for tonfronting the resource isspe we revrewed a
rgiimberof past reports. These reports-highlighted the value returned to the nation from
* the NSF capital ihVEstﬁi6§it program iri the '60s which encouraged the introduction of
computers intp higher educatipni by providing matchjng acquisition fynds. The pros
gram, which had.. @gmflc&nt impact on hjgher ediication, ‘hall these accomphsfl S
ments: ¥ '
(1] Amerlcan research capabllltles 1mpr0ved through the mltral iise of the 1 new -
tool the computer -

. [tlmesharrng netwbrks new architectures): \_;
(3) Wide use of computers in higher education provrded qualified graduates for -

“ - industry and government.
T,]e objective of this study became an analysrs of the natjonal goals and iss
tpday While there have been reviews of the contrlbutlons"f/?md opportunities fo ;k?
omputing in bartlcular disciplines (for example, the Carnegle Commission study of

lnstructlonal technology and the Feldman Report on Computer SCience] there have

-been no recent efforts to examine the overall effect of computing and the mterplay,

between the many computing applicagions.
Could ive identify the oppgrtunities today that would offer the same potential as
the opportunities serzed in the 60s"‘ .

LY
.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

and hlgher education éﬁa with specr‘rl areas of expertise was formed to advrse the
\ prmclpal investigator and to review both the strategy and the results of the investiga-

vened to consrder issies and recommendatluns for meetmg natlundl (umpunng, needs

and to participate in developmg this report. The panel issued & consensus statement

and recommendations which are included as Appendlx A: \
The participants on the Steering C ()lmlllllet‘ and Consemua Panel are llsted at

the front of this report.

T
P

~ '

L This miodel wis bissod 06 Guidoi giadisie asg o G sl Raoesancath and gradaatie and 1a06ns Gie o
X tggniiiil Hoars-aioith [usitig Dartmauth sstiniates).
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.. Chart 2-1. National Reports on Information Issues
X A - e
. REPOAT WHO STATES NATIONAL INSTRUCTION NATIONAL NEEDS FOR _
GOALS AND ISSUES COMPUTER COMPETENCY
COMPUTERS AND THE Presidential commission to investigate  Fedoral Govt, primary funding
LEARNING SOCIETY iieed for federal policies. Interim soul eseart o -
agency working groa p 16 coardinate i z,increase,unders«andmg at 9
tesearch agenda. Executive Branch. .. all levels 2) identify effective 3
- develop & implement research strategy.  methads of dissemination ‘
’ 3} evaluate prograr. «
FEDERAL DATA i N Upgrade trainiiig and
PROCESSING nagem tic ouncil cateer developmeiit.
PECHOANIZATION for Information Technology Policy. -
; % Plans and Prograiiis: 4
L - — 2
[, - AR \
L PEJUVENATING Fuderal lead ggerty (6 promote
(E:)C()P\EES#EQYS%ENCL computer scietice and computing/ ' :
v h ; ‘\ AR . T
“IECMNOLG N Federslgovt tosel . . ¥ , dia education
SGIENCEEDUCATION o telecommunicutions palicy. indetidke  dissemin clivities. on computer
EE‘EF{‘SE” EN assessments to meet nationd! niecds. - Federal support for - technoltgy.
L . T . softicdurseware develnpnient
< : . . Federal introduction of -
N ~ microcomputers in schools
— T T ; R :
QIGITAL COMPUTEH . Iniceeased training as
NEEDSICOLLEGES - users & experts;
AND UNIVERSITIES (RUSSER) ¢
- — = I —_— - — —
. - COMPUTERSIN. . N . 1 thputing to all Federa) govt. to collect
HIGHER EDUCATION . students with govi sharing data un personnel, gtc. -
{PIERCE) tosts Faciilty t . Furecasts of needs.
N . programs. o alioii o .
. N i computer use in high schdgla, S
. . . encourage cooperation, . {
o - B - 4 . . T _ .
CARNEGHE-HEPUHTS. - - " ©, Gommitment to exffansion of
FOURTH REVOLUTION * . te
_ANDFNALREPGAT - . Gits onal . .
~ - programs & materials. Federal .
T . ° suppartt of R&D: Facalty .
- . y&nlives todevelop
. . materials. T
. _ + 1o askess effectiveness and cost
°r benefits. ' )
. NATIONA:
_  INFORMATION N
» POLCY TN
o (ROCKERELLER
* SGIENCE AND-ENGINEERING Gr ublic. -
EDUCATION FOR THE 1980 § onderstanding of

AND BEYOND

sector commii lenice in
education_Indepeadent foliii to
address the relationships between

A
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: i . .
RESEARCH T . ADMINISTRATIVE RESQURCE R ~STRUCTURAL AND ---
- COMPUTING' , SHARING * ORGANIZAYIONAL IMPACYS :
R , . OFGANIZATIONAL

OMB support of R&D ($25 million annual). leabh; measurements Improve service delivery N
_ ~- , { throughanational .
. N network. OMB support of R -
Develop standards for  national network for
inforimation techinology. rescarch efforts. '
liy&kraduale * incentivesto stimulate . . ’
students (eg career grants). Adegaate | coupling between - K
experimental facilities (anpual . . tinlversily & indusin - . .
competitions). Joint university/industry Study programs wit 1n ) L
research, Increased govt. funding. industrial labs. . * N Ye
. . Exchange sabbaticals. .
»
.

Revised funding and auditing
procedure_s

. —
Expand fgder: G ing practices
research and c . ucational use
. Computer services. esia hshme tof argy - and fregr applications of -
L X R educational compu(ing funds. ,
) . services. N R
Federal support, especially for basic = Luupcjauwrvgmnal First priority to libraries in
research. ’ earning technolo; : Viglrpﬁ tion of new
* ' .. < c ters with federa tech p
. funding. - exiramural educational use of

“ techinologies. Basic reliance on
the states. with coordination
of new kinds of post secondary

deral support of

innovation. *

—_— e R - S S PP

s of grait aind
ange. . ggntracl manageément

lllduslry support for Redﬁ(,i.hﬁrd(
lancththJ;
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. 'Giiéfféé; Survey Instrument - I

' Issues and Opportudities:

. -Issues at the national level. A Steering Committee has agreéd upon seven major areas and has

(1) Literature Review . ]

_-An extensive review of the literatiire on issiies of computing and higher educa-
tion led to the bibliography incluged as Appendix B. Orie of the principal objectives of
the literature review was to identify previous efforts and recagimendations dealing
with national information and computing issues: Examples of previoiis reports and
studies are shown in Chart 2-1. :

(2) Survey > . 3 .

- A survey instrument o assess commiinity reaction (o the.statement of issues was
widely distributed to groups concerned with higher éducéi'ibﬁiﬁcmdiijg the Assacia-

+ Yion for Computing Machinery —Special Interest Groiip for University Computer Gen-

.

Yers, selected computer science departmént chairmen; and the Association for Eduica-

- - tional Comminications and Tébhhtjlagy)'.,Thé susvey jmsttuiment is presefited as Chart

*°2-2. The survey was arranged as seven questions identifying issue areas with potential - -

programs.. e )
(3) Visits To and Review of Other Countries

Visits were made to %g{md. France, and Germany to Viii'vrééiiga:ié fdréigﬁ,éb-

| —

. proaches to the issues of conYpyting and higher education and to deteriiiiie the difter-
ent national strictures and approaches 1 the issues: The literatiire analyzing othér
national strutegies was siirveyed. ’ ot

.

.- C >

»

Compiiting and Higher Education |
lence F y of computing and higher ediication, we are
_ attempting to identify the major issues and to formulate recommendations for dealing with these

" ; As part of a Natlonal Science Foundation stidy f comp

: suggested thiese programgggr action.. e :

e .
_ . Before afinal report is made fo NSF. we would like to,achieve as Wide a cgffisensiis as possi-

. ble: “u

N ) S

" Please take a fow miriuteg to wiits yqiir roactions and commanis on this workshbet. Ate ther,

issues.which you feel importaht that are ndt covered? ,

*- Can you suggest-programs for action? . . : S

"':"""Feel freeto make coples and lp';digg[iﬁijifbjﬁgjﬁj'p’éj-é'diié you think may be iﬁiéEéEiéa.'?Bij

Robert G. Gillesple | T :
Vice Provost for Conipiiting L S -
University of Washington

Seattle, WA 98185 - o ,7 ; S
. ' .- .

12 ) . e , S

tirr this worksheet (by refolding to address)tor - Ty e

\

Y

\
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‘s Establish a natlonal commissidn with representetlves from different groups (lndustry educej'

 needto berdentllled : . » ..

technolegies. -

; : , . 'l( ©

1 Who can state the issues and develop strategy to achieve national goals?
*. Ny office today lq charged with"displaying the issues; the data or the approaches that should be
followed on the national level.

. Revolutionary changes are occurrlng m soclety but there heve been no c@erent efforts to ed-

and opportunity. | _

* In particular. the critical. prd)lems and issues where computmg g and higher educntron “affect
achieving national goals have not been identified.

* The sectors of government. industry, and higher education {with its components of lecqltv.
administration: etc:) will need cleer roles arid opportunrtles for interaction: ]
,,,,,,,,,,,,,,,, ;

Possnhl‘e Progrnms :

tion. government] to consider national issues and to support efforts to develop goals. Actwmes _
may include gaining large fbundationi support {Carnegis, Sloﬁaﬁnﬁeﬁgr] aiid sponsoring reports, artl-
cles: PBS programs, etc. .

hich address national issues of technology

¢ [dentify gouls for government agencies; particularly the mew Department of Education; NSl'
and NAS which would be respansible for programs-of aeton. *_ -

¢ [dentify, the. posslble roles apd areas of interaction for the dﬁl%rent sectors in developlng pro-

grams to meett:ompunng needs. . . N

 Instruction >
What'is going to be taught to whom ebout computlng. and at what level of instruction?  »

We need more information and programs for assessing the uselulness of the ngw technologies
and for integrating comptiting |nto the curriculum. both into the various dlsupllnlis and into.gen-

o

eral instruction on computers. .. - . v
. Wrth what lncentlvee and structures do we 'ec’celerete the use ol elfective approaches"

- - -
.

- Posslble Programs . - o

* Sponsor revised curricula based on deep computer penetretlonzmd use.

Develop programs which can be used as models for total. deployment of reseurces. For exam-

“ple., assessments of ‘cenfers of excellence can eld in the plennlng of more widespread’instruc:

tional computmg projrams.
. Promote classroom (desrgn) modllicetlons to accommodate the easler use of new technologres

. Reglonel tralnlng ceriters for leculty to exchange lnlormetlon end’ develop skills in the ;ew

. )
3 What are the national needs far competenc‘y in computmg?

o These needs full into three cate xe levels of com-
putlng training Prograrms to nieet jndustry 5 need59 computer ht’era.cv lorthe publrc M -
i Meesurementh o ‘achieve levels of gompetenpy are needed [posslbly in terms of terfriinal
hoursl - Z .

* Efforts are needed bolh to ns\llw ..umputer‘s impacts ou society and;to tedch stude’:iité about
these issues. o . .

A . N

mrad!
o
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, through epplicetlons of qfflce aijtoination.

* Resources will be needed for fulfilhng these training and educetlonal requirements; and the

* responsibilities of the different parties (government, industry, elementary, secondary. and higher

educetlon]'need to be understood

Posnible Programs
. Sponsor comiﬁuiﬁg collection end disseminet|on of data descrlbing computing i ln higher edu- .

" cation and the needs for industrial treining

* Encourage more interaction between ths various parhes responsible for trelnlng (hlgher educa-
tion, government, industry). )
» Devetdﬁ working defmmonsbt compu'ter competency epproprie’t’e to the verying needs.

* . »

. - ; .

.

* Ths computer is both & sub;ect of study end atool of research in all fields, We need to undei-

t levels of support dnd whet specnel fec'flitles will be required for furthering science.
* Who should s support these facilities; and to what degree? What present Federal policleﬁlmit -
the effective use and-penetration of co .
* Research is needed in the broeder information sciences and ‘In the technologlcal |mpacts on
society . , i . e

-
- , . .
.- L) . . T - c.

Possible Programs _ ., * .

e Strengthen support by developmg mdre exact estlmates for the costs ,(herdwere md softwere]

necessary in;order to formulete  programs of support. , . z R
" Assess the impacts of new uses of offiCe technology (2.8 microcomputers] on reseerch produc-

- Jtivity, Dao .
. Encourege resource sherlng by industry and federal agencies 'to permi}\tuse of speeiellzed re- .

" sources (CﬁB/CAM vector machiges) to meet unjversity educational goeis.

* Create new lerge-scale regione[ resource centers.

. Expend to significant levels the emounts of reseacch into computer iniﬁaéi; on productivity;

social changes; policles -

"5 How are educatronal institutions at’fected hy the growtli in reqmi'ements for admmistrahve

computing andits broadening stope as fnformatron management?

> ;% The most‘repldly tAcres tng area of computer use_in hlgher ‘educatien is admlnrstretive com-

- puting. Allocations for computing from total resources, and thair sffect on ediicational goals, are
. pressmg isstigs as ADP cqmes to have higher priority

\

. Unrversntres end colleges need to understand the s0'urces. endivarletles of demands; espeoielly :
as they approach issues of automation and improved feculty adnﬁnistretlve support

- * Who can afford the nnprov‘ed producti-vity?

'
' v

Poss|le E)'ograms : ' ' -

. Differentlete between the computlng needs of edministratlve end ecedemlc applications. {Dif-

,,,,, pinfbiiipdnalybed

erent kinds of computing are needed for thg different constituencies:)

Y
.. Sponsor demonstretlon programs for jmprovement in produéti\dty “(research, hdmlnlstrahon]

ion o
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‘ Possible Programs . _
. Federal governmisnt support for the besrc Esteblrshment of networks for the exchange of re-

B e
L} o L]

v \ . o .- o ¢ N

T ?\y T T H v, . .

L= 4 It ¥

— 7 LA % N ,, .

Y * e U - 2]
Lot lg N - ' - '
. - P .

.

resources?

o Resources need to be identified and then thie mechenlgms which provrde incentives and/or

limits to sharing need to be studiedg

* Computer network or’ EBExExﬁﬁiEaiiaB; support may | Bé Eé?;imed with the Federal government
{and its regulatory agencies) and industry playing important roles.

¢ National information resources are located in both libraries and ccﬁhputing facrlrtles dete
bases. problems of access and integretron need addressrqg

sources . : R

. Congressronal ectron to facilitate jomt efforts and sharing between industry‘end hrgher educa-

-tion. ——J.“., . L

¢ Support the electronrc industries proposels for; rncentive;{g promote reseerch and develop-
mént i o S ‘
. Estabhsh a forﬁm for eddressmg issues which lrmrt resource sharing -

7 What are thenrganizational and/or structural impacls on higher education?

' Technical chenges will impact the structidre and organization of the university: the extent-to
-which they will affect faculty, administration, and budgeting is unknown. We need miore under-

standing of how changes in the kinds of instruction (e:g: continuing education; at-home instruc-
tion, retraining needs) will affect the structure. :

¢ There should be a cleerer picture of how much centralization is needed and how the functions

. . of information rri'ane'ge'rii'e'nt lrbrery computing and computer centers argrelated. : f

Possible Programs

- & Devalop curricule for contrnurng educetron with the aid of professlonal groups and assess-

.‘Q IR T T T TT  P ..;.g,i. Fapes o wond Gottlas
Prediminary to.ults of the stud: were preseated o000 P TINTTS
ot AN and EDUCOM. for fuedback and discussion i

(9) Circulation of the Summary

i Ldinininaly ot this TCPOIL Was G sl iy b T N S
cat llupl,ulq]t il de tll)l)ll rllllllll “nul rpml

. 6 What can be done to impmve the>ective use of ouj netional rnformatiﬁn ane computing



O

ERIC

Aruitoxt provided by Eic:

3, BACKGRGHNB - TR

The Pleg(,e Report
Whl(’h

s (2) Provxded a slmple medsure for expe(,te'd cost ()f acadeniic (omputm;,
($60/vear per uindergraduate student):

(3) Emphasized the rieed foi interactive computing;
(4) Stressed the needﬁtpﬁremedy the compuiter deficit in undergmduate edm dtlon

by blg,nlflcantly.incredslng federal support in order to bring the tatal invest.
ment in instructional computing to $414 millior in 1972.1 -

~ The Rosser Report; commissionied'ini 1962 by the National Academy of Sgrlen(es
and the National Resear¢h Council. emphasized the link between growth in the sci-

ences. engineeripg. and medicine and the shortage of %tudentb trained ‘as compyter
users.2 It recommended doubling the amount of conmputing in higher education be-

tween 1964 and 1968 by doubhng the federal share of CHmpUs ¢ ompulmg budgets.

- Evén though the budget for computing in hlgher education has inc re@sed by more
than a factor of six Sice 1964: i . ;

(1) The federal share has declined sxgnxfmantly—tdﬁikéiﬂi to the expe(iiaiions'bf

. the Pierce and Rosser reports:and
(z) There is still a computmg educatlon deﬁ( it.

3.2 H‘,‘,’,‘,‘,l,’,l,e’" s Studies Show Rapi’d Grb’wﬂi and Declining Féderai

Support _ .

" Dr. John Hamblen conducted four burveyb on the use of compaters in hxgher edu-i
. (,utlon 1. These surveys show that expendnures on computing for all appllcatmns have '

T grown from $221 million on 1966 67 to $1,301 mijllion in 1980; with the cost per sto- '
dent increasing from $26 to about $135 (Chart 3-1); That does not mean that the Pierce

_ goal-of $60 per undergraduate far instructional domputmg has been reiched. Over half

the expenditures are for administrative data ¢ processing. (‘hart 3-2 bhOWS that the pro-.
‘portion devoted to admlnlbtrahve ddta processmg has been growing rapldly in the p"a'bt

ten years, . .

While liii’idiiig for computing hdS growii blg(ilfl(..an”y Hamblen's data show a
shght decline in federal dollars {without consldermg inflation or advances in (,omput
ing powersper dollat]. While the dﬁnount of federal funds sperit un caimpuses has re-

mained roughiy Lonbtant at $80 million per year {with no correctiois for inflation), the

S - o w

1. President’s. S‘.mn(L Advisory Commitico Compaters lh;Jwrl dui .mm. H’n e Rvpnrl)

Z Nulumnl /\( udumv ot Stiences. National Research Counc. il I)u,nu}( umputer Nn ds, W Uhinv e nm. s aind Gyl

leges (Rm.wr Rvpnrll '

4 Jjohn W.-Mumblen: ¢ ‘omputers i lllghu Education. bapenditaies, Sowtcos of b .uuh winl Liilia

tlarda. Southern Re whaial Ediic 1 Board,
o Education 1966 67: Thiir l'uhm ion and
Related Degree Prog . GPO. 1970, ol W Hamblen: Inveiitory of Cotiipiity
Education 196970, Their Uty 1 Related Deres Programs_ Wualuuglun cPO, 1972, lnlm W Humblnn
and Thonias B Baird, Fourth Inventory. Computers in Higher Educition 1976- 77. Princeton: EDUCOM. 1979

search_and Instruciton 1954

th Prop
1967, John W Hiiiiibl [ 1"

N /e

16 21
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percent of federal support has dropped from 28%.to 7%: Of course; some additional
federal investment is hidden in individual program budgets where computing facili-
_ -+ ties in the form of mini- and_microcomputers are part of laboratory facilities. In gen- ;
' eral, however, federal expenditures are primarily for research computing in support of
federal grants and contracts, and not for support to develop campiis compiiting ser-)
vices. . .
This low investment is in marked contrast to the capital investment progra
begun in 1956 to provide seed funds for computer facilities. From the initial grants
Oregon State, MIT, and Catnegie-Mellon the NSF program provided over $70 milli
through 330 grants to 184 institutions, Since the institutidns more than matched t
graiits, the total investmenrrepresentpd;é"q’u'a”rt'e'r of a billion dollars.

® S 0l

» . . .
r° . B
- N

Chart3-1. B 7
Computing: Estimated Total Expenditures -
and (?}gt Per Student
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Chart 3-2. 0 ' ’ - &' .
‘Bistrlbutlon of Expendltures Co. ;
] < ' o
1969-18797 . N 1 "

478N : ' $138

- ADMINISTRATION *
> 50%-

INSTHUCTION
30%

'\ ADMINISTRATION
34% -

— OTHER.
3%
o INSTRUCTION | <. -
RESEARCH 55% RESEARCH
32% 20% ./ .
e OTHER , ¥
: 49 ’ _
-
- a
3 ) '

Source Hamblen
) ’
,

- et
.

,3 Congressnonal Attentmn has Focused ot the Potentlal fm:

“Improved P ductivity in Education

.. In 1977 the Ho)ise Subcommitiee on Domestic and international Scxentlflc Plan: :

. ning. Analysis; ands Cooperation held hearmgs on the theme of “Gomputers and the_
Leammg Society.” The major abjectives were: T

-——

{1) To comyare achieverents jni.the computér-basedﬁducatlon field against past Rromlses .
(2) To'examine what technological developments tight berexpected in the future and wha(mlght
Sg be an apprognate role for the’ Federal Government to.plays » e

.‘.Q —

'lfestimony an'd comments were dlrected t‘\the use of computers in educatlon as to Tsf

* to improve the leammg process—not ‘as scientifit instruments or as tools In dlsCl-

- plines: The tommiittee recontynendations inclided directing federally-sponsored re-
search |

test centers, jand estabhshlﬂg a Federal Cummlssmn to develop goals and toestimate
fundmg req' frements: . : L :
l - ¢

-

'

4. US Longnssq Hawss Subicoaaiiiie, i Su luullfl‘3 aunig. Analyals, and Cooperalivn Coipiteis aid the

ariing Sﬁﬁcty p 5. [

. o ', - (TN v 4
. - . . . . 3 '

. ¥ ] . .-

R 4

o1

.m\;‘\
L
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coyrseware and instructional theories, gponsering regional demonstration or
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#mcas‘—ug mixttres of soiind and Vided ised in combinations under mlcroprot:essor-

R}

—
o
~-
5.
.
3
3

-fr .

» and‘Technology to disbuss HR4326:5 a bill to create a federal commission to study the

smentnhc and technologlcal Jmphcqtlons nf 1nfermat10n technology in education. Ad-

,,,,, ‘esearch, ant Tecﬁhol-

ogy and the SubCOmmlttee on ‘Select Educatlon in Aprll 19 0.8 1 of the hearings

the quest‘xon of computing and’ edllbat!qn ‘broadened t0 general dlscussxon hf the
changes in educatfon due tthechnolgoy S

Whtle no congresswnql actmn was také’n on any of therecommendatmns in’ 1980

“In October'lgiggeaﬂugs were held;by the Subcommittee on Science; Research, ™

putlng centel's for 1nstruct10nal usbs around the ¢ country Lo
; .

ﬂhere is: cctntinumg interest. Gne eXamplé 3 the current bill to estabhsh personql cor&} .

s

34 ‘NeW\Computmg Technologles are Provaﬂmg New Qpport-umtles o

KK I A

- Compptei' tise in hxgher educatlon ha& exbanded from a narrow base,of sc1ent1fic s

"""" mintétratlve applications in the '60s to widé penetratlon throug '””(the curric-

' ulum today: This: evotntlon also mvoives a change in the concept of- thu computer asa
/Eachme thatk:alculates to. an information -hgndler 1 thzit rov;des a means of transform-
-ing informatien. One examptlb is the availahtlity of text-processing famhpes for student

- use. Text- processlng is more than a substitiite for a typewtiter; it releces t%fﬂctlon
Wthh hiolds studerits back from the benefits galne'd:by rewriting their paper§ Studerits
- are now much 'more likely to’ énter. inte contlnuous dialogue W1th their instructors by
'ewntmg aftérrecewmg cnmments .’e Lo 9 "»'-'\"

. 7.

>

. pllcatlons "7 For .exampl;e the: development of video. dl@ks (holding between 50,000- - °

100,000 1nd1v1dually aCC‘eSSIble frames—equivalent to the entire Encyclopedia Brit-

ontrol) as lnstructaona]' aids isjust beglnnlng 8 - ;
The mergmg of mformatnon lEChnologleb w1ll ulbu -.,hange thpfunc.non Dfllbrdrlea

method for traxismltnng apd dlssemlnatmg knowledge exlsted long before the prlntmg

g Eress Howeve.r.rlf we tontinue | t’o coficentrate on book§ as_our’major . information
_ Sousce, we wil mi ue objective ing in ion effectively: As the publish-
' mg.lndu;str ] . do all libraries

P

T edﬁj);ﬁes’ If the information is tumputer generated durlrlg the prmtmg process,
+-wh . )

.

F
|

guld have access to the tapes?
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4. FACTORS: HOW COMPUTING IJ AFFECTING HIGHER.
" EDUCATION - o -

. . »

* 4.1 The Structure'f Use in Higher Education
o . - R c - - M .

The fundamental (but blurring) divisions of computer use in higher education are
instruction; research; arid adminjstration. '

(1) Instruction o : .

.Computing ranges from a subjeft of study [computer science and electfical sngi-
neering] to a tool [statistical and dafa analysis routines) to an aid in the instructional
process (computer-aided instructior)): Student use of the computer g an information
facility is growing as text editing fac{lities allow students to write and revise papers
much more easily.‘In addition, subjantial new stadent participation is provided
through computer simulations to ffiod chapge and growth. 7 '

The most desirable form of instructionai computing is with interactive terminals
which provide immediate feedback. There are many options for. providing this gervice,
-ranging from independent micfoprocessors to intermediate minis to very large time-
shared systems: Unfortunately, there is fiv simple algorithm for selecting the besf ap- .
proacti for providing interactive services. : '
) .

(2} Research B o : . ,
 While there is no distinct division between ii{struction aud research {are indepsri--*
dent projects and theses research or instruction?). research use of the computer in-
cludes both in-the-laboratory use of micro- and miiticumputgrs tor contrel.of experi
ments and acquisition of data and, massive (or never enough) cyiyputing resotirces for
complex analysis and simtilation. Computing options at campuses include indepen-
dent computers in departments, access to large central facilities, and use through
telecommunications networks of facilities at national laborutories. such as the vectqr

machine at the National Centér for Atmosphitic Research, .- : FE ¢

{3] Administration L o .

~ The Fourth Inventory of €Compaters in Highor Edutation. An Interpretive Report,
based on the Hamblen surveys, shows the followiiig areas for adniinistrative data pro.
cessing: Admissions and Records, Financial Managemenit Plarining, Management and

Institutional Research, Geiieral Administrative Service. Logistics and Related Services, -
Auxiliafy Service; #_ipancia 'Aid. Library, Physical Plant Operations and Hospital 1 :
Thie niust striking aspéct of administrative computing in higher education isgts’
growth: Over 50% of fuidiiig tor computing in higher educativn now gues to adminis- .
. tration. This penetration reflects the need for improyed productivity in adniinistration;
-the enlarging dﬁﬁrj}is for use of coniputers, and the increasing demands by state and

-federal government for information.

4.2 Ways ig Which Computing is Changing Highex Education

o e I L S

_ Beture assesshig the national issucs and théir Impact ou highier sdlication as wull

as thie new upporttinities, we. will review from a broad perspective the general ways in
which compating impacts the educational system.

e
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K ln the race towards maximum and efficient use of mformatlon Iesoiirces, comput-

: f:ihg has arrived at the stafting gate with not one but many entries: That ‘is; in the at-

tempt ¢ of colleges and universities to provrde information services computers have

come to play 1 many and varied roles: they affect both whaiservtcesare offered and how

- these services are deltverfedﬁandﬁsupported Computigg in ediication has evolved from
( a process for contributing to scientific advances (whtch jugtified the early NSF capital

programs to introduce computing) to a diverse set of inferdiation processes. . |
tton areas (instruction, re-

There are many ways to mtegrate the three app ic

sear®h; administratfon} into one institutional system, as welhas many patterns for allo--

. cating supporting resourles. Nonetheless; most universities p 3ss through evoluttonary,

stages in computing &s the use of te(.hnology increases:

The penetratton of computmg generally follows three st ps:
' petformed functtons

T foiiad.
[3) Compiitets become structumlly ihtegrdted into the system Thjs occurs (it is

} begmning to happen at some schools, and will continue to. occyr at an increas-
ot Uk pace) when computmg is,perceived as a fiindamentdl element in 1 providing

rmattpn servrces aod as such a(.tually changes the structure for provndmg

3

As tl;eu]s o? tet:hnology dtffuses Wlthln Lhe é’ducatlonal system,. the t.hol(.es for

provtdmg servtces become more numerous and the pracess of planning becomes mare’

omplex Even though the ntrmbér of institutions and stidents will remain relatively

stable over the next few years; computing will be’dramatlcally unstable as use in-

(2] They become fools for § new kmds of tasks as new capablllttes for computers are

_ e

"creases to meet the*needs of computer literate students and for increased research ap-

o phoatlon”s This instability i§ heightened because the growth of computing is itself an
unsﬁabie process, with its change from-a high cost. centralized’ activity to its wide-
spread penetration in the mass market.

* At the samne time thdt computing, as an outside intluence: peunttrates the educa.
ttonal system there are three factors that'have a significant impact 6n how this technol-
ogv is diffused within higher educa’ti’o'ii These influences are:

(1) The suppott structure for provtdtng computing resources local (state and prt :

vute) und federal u},en(.lea stute bourds of educatton fuurlty professlonal soci-

puters are psed o
{2) The ﬁevel of unde ta(umltuh aud acceplaiice ut Lomputr rs W“m%’“ lustitutivn
Detisions dbout how to use oomputers and what equipieht to bliy are affected

bv what peo e Rnow und‘bv thetr ut.(.ess to tn?ormutmn

2.3 Gusts for nghér Education

An estimate of the costs dor widesjuend Gicia i © G g o b i P |
using the number ol expedted tesminal hour npedod 11 the average 1 va school
21
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s is asqumed i be shours/student/month then considering the 9
million ‘students;:

27: mil}ion "hours/mont-will be .required. Currently; these hours

l |

could be provided by "midi" .ixystems whose cost rs epproximately $3/hour lncluding '

the year) would be abouit'9 mpnths/year % $3thoiir % 27 million hours/month = $729°

million/year; which is several times the amount spert-of instriictional computing to- -

sq this usage estimate might easily be exceeded:

’ While te(.hnology improvements will help to reduce these costs i the future. the

snf are costs needed to match new hardware capabilities may leave the

o

day: This: estimate does not consider the software costs for curricul§m development, -

oo [rorn either réallocation of ¢ current funding or from new fundlng—-student fees contri-.
= bunens. F deral—suppuﬁ,etc '

nt. Thus; srgnihcant additional resotrces will be required, to come : 3

o e
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-8 LIMITS TO GROWTH "~~~ . |

. I

training are compelling institutions of higher - -

_New demands for computer use and
education to address these bds{s issues: - K S ) .
~ + Who will teach computing (both as asiibjectand asatool)? . ‘) p
'+ Where are the curricular materia)s? ‘ T '

* What equipment and resources are available? . °

Expectations and demands for ineredsed compiiter capabilities arise from. two
sides: from those who will be entering higher education and from those who will em-
_ " ploy thecollege graduates. Universities and colleges will soon be facing a wave of high
-\ school students with some computer fraining who will have high expectations. for

- computing in college. While estimates of the numbers of computers in secondary
schools vary widely, Dr. Arthur Luehrmann estimates that over 70,000 computers are

~__now in use, with an additional 50,000 microprocessors ta be added-in 1981.! Many———

high schaols ‘are receiving computers as gifts from PTSA's. These actions show that

parents put a high value.on computing educatien (outdistancing in many cases the -
concern of educators and legislators). S S ‘ S
‘The following sections address some major factors that will limit the growth -of

. computing in higher education other than the need for funds to acquire computers.

Field

All projections of the need for computer sclentists and computing professionals

show that the U.S: production of these specialists (and of the teachels needed to train

them) is woefully out of balance. Chart 5-1 shows that the ned for compiter scierice
graduates-is out of balance by a factor of ten at the Master’s and Ph.D. levels. Not only

-have enrollments in computing classes soared; but schools are finding that their ability
to respond to thiese needs is blocked by rapidly climbing salaries and the attractions of
industrial and federal research laboratories with up-to-date equipment.

. The Bureau of Labor Statistics estimates that by 1990 the general need for com-
puter professionals will exceed the supply by a factor of three.2 The recent report to
President Carter by the Secretary of Education and the Director of the National Science

- Foundation 6n the condition of scierice and engineering ediication in the United States
highlighted both the low science education in the United States compared to other
countries:and our increased needs for the future: The report revealed that the problein
is particularly severe in computer science. 7

“The Snowbird Conference of Computer Science Department Chairmen and papers

such as the Feldman Report have focused on the capital investments needed per fac-
ulty member_to support the requisite research facilities: The capital investment re-

quired for a high-quality research program is estimated to be over $50,000 for each
. faculty member.4 .

e ——— M : o
1. Private commiunication, based on estimates from manufacturers. C
2. U.S. Burean of Labor Statistics. Occupational Projections and Tralning Data, 1978 ed., B’iilléiiiiztizt)'. Wash-
ifigto: GPO; 1979; S o ‘
3: Science and Engirieering Educatio for the 19805 aid Beyond. o

4. "A biscipline'in Crisis: A ﬁepmi;" p- 8. »

s ¥e . S
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5 .2 Instructional Matenal

The development and evaluatlon ofgoad cumcular materials are partlcularly im-
portant when computers are used in fhstruction. Since the time required to develop

computer alded mstructlonal materlal -may take from 100 to 1,000 hours per’ termmal o

- for faculty members to develop computmg curricula are few in tenure decxsnons the

development of these materials is not adways considered important: In addition: ques-
tions of ownershlp patent, copyright, dnd distribution affect the financial incentives:

It will take years before these issues aie as well resolved as the principles of author’s
righits ini book publishing. '

5.3 Trammg and Retraining
The, penetration of computing in all dlSClpllnes is very. much affected by the tram-

- mg (or time to learn) avallpble to facuity’ members Sinte the best incentive for learnmg
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" conflicts over resources between administrati¢e.and acade

factors of stab}lrty and continuity. .

is normally peer pressure we can see that new technlques evolve more in fields where

the application of computers is direct; such as in the physical sciences: Change in

_ other dlsclpllnes proceeds more slowly and is more dlrectly affected by the opportum-

courses. L
The current hlgh number of tenured faculty in many fields means that the younger

o lnstru(.tors who could be the s source of greater innovation may not be able to find. pos1-

tions. Thus, strategies for retrammg should be even mare important. Teacher celleges

also will need to place a higher priority pn comipiitinig so that new instrictors will bé

prepared to meet the demands of the growing number of compiiter-literate stiidents.

lntroducmg computing into new areas of higher education is more than acqmrmg

computers The niged for maore telephone lines, networks, building modifications; and
new classrooms will initiate significant conflicts ever scarce resources. Additional

space; which may be as important as new funds, is already at a premium if mogt uni-

versities. Indeed; space is-often more dlfflcillt to obtain than funds becaiise of the long

allocation problem for computmg on many campuses is exacerbated by the

" lead'ies and the difficulty of rewnrmg classrooms for telephone access:

nately; the decrsron makers on a campus can see more directly the demands for, and

the result of,: improved administrative services; academic; particularly mstructlonal

meeds are rarely able to reach the same level of priority.
_The problem is partly a budgetmg and planning issue: For example, the library

w1ll often apply formulas for establishing base budgets based on the numbers of stu-

often results in the budgetmg process being directed by the computér center director
rather than proceedmg from the Deans or other appropriate budgeting units.
~ Inlarge universities academic computing {often stimulated initially by NSF. capi-
tal grants) is usually centralized in large facilities operated on a self—sustammg basis.

| . dents and other factors. Few formulas exist today for allocating c%mputmg funds. This

In the past, federal grants and contracts have been major siipporters of these facilities,

‘with economies of scale providing significant advantages to all iisers. However, ad--

vances in technology towards more mini- and microcomputers have made economy of

. scale less of an issye. Furthermaore; the fundmg structures of federal;genctes provide

greater incentives for investigators to purchase individual equipment rather than to

: share resources Researchers are more llkely to des1re capltal purchases because of the

,,,,,,,,,,

porting amlndependent system (software, mamtenance. systems support) are s|gmf|-

cant. Thus the prospects for long-term support for large academic centers will grow

more dependent on funding saurces other than the federal goyernment At the same
time, however, the prospects of large centers as the most effective way to deliver com-

* piiting services will diminish as the technology advances and the costs drop. The criti-

cal issue will be transition—how to change withoiit significantly degrading the critical
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6.1 NatlonalG””ls' ' , L : .

'l‘he natlonal needs for increased productlvrty and trade will be lncreasrngly de-
pendent upon technology, Concern over antiquated facilities in certajn key U.S. indus-
" tries (sich as steel and aiito) directly forges a link between computing, education, and

‘mational goals However. this link (which- lncludes provrdlng resoiirces to higher edu-

cation to aid in the transrtion to the information society) is weakly: forged in the United
States. ;
Other nations have identrfied th"‘r needs for transformlng their economles by ac-

celerating the influences of computers and communications: They have identified na-

transition;to an inf8tmation society. ‘This ambitious-plan (whichcalled ¥or an invest- .

—rient 6f $53 billichi dollars) fecommended a wide range of Tegear

- tional goals through studies and plans Japan developed a plan.in En E"E‘ECPJB@FE its -

and development
activities, f from communicatlons research to experlments wrth “wrred cities {where
~France developed a “Plan Telematitjiie" based on the Nora Repbrt whlch forecast
the issiies challenging France’s economic and social development taat would requn'e

* coordinated investment to solve.2 Two s&nlhcant steps have been takem:—
{1) Every high school in France will have one or more microprocessors and access

"to high quality instriictional matetial. ‘ . .
(2) Instead of telephone diractories, there will be video display terminals for each
_ telephone subscrlber. these terminals will also provide access to many other

'f services

problems of national goals and which would show the links between opportumtres, .
investment, and outcome. :
~In particular; the role of higher education in meeting new and increased demands °

.~

for information has_not.been considergd. Schools; colleges; and ljbraries have long.
been the ma]or prov1ders of knowledge to soclety However, the lnforma technolo- o

pete directly with these traditional 1nst1tutions 1n satlsfylng the ever-gr

,,,,,,,,,,, p gneeds for‘
information: If colleges and universities are to remarn v1able as custodians and

~ transmitters of knowledge they must be Pprepared to use the new technologies to trans-
form’ the1r current educatlonal processes

62 Computer Competency 1s Nee *dﬁ ‘

The transition to the- information society is overtal’ung many of 6ir cltlzens ablllty

to absorb information: In fact; Japanese scholars have proposed a measiire for “infor-

’

.mation pollution.”’3 While the newest developments in- mlcroprocessors will become -
1..lapan Computer Usage Development Institute, ’l‘he Plan for an Information Socrety A Yeur 2000 japenese

" Notional Goal. o oy
2. Siman Nora and Alain Minc, The Computerization of Society. See alse lacques Hebenstrert *10,000 Micra-
computers for French ngh Schools« ln Computer 13( <21, .

P

W'lonin]apan lnl(ElOCommumcu -

. tlon Review 1(1) 13-40; lnformution Socwties Compaering the Japanese and American Experiences, Alex S: . .
Edelbteln etal, eds Seattle: lntemational Cornmunlcatlon Centor UnlversltydWashlngtun 1978, ., .

e ot .
o . . - L

. 11.




. ) . . - '-3 e . . - ) .
S B : - L N

-as pervaslve as dlgltal calculators because of the general declme in l|teracy as me-
sured by college board tests-and the level of capablllty in army recruits {the latest plans

are for developing armed services repalr and mamtenance manuals in comic Book'- .
. form!) we neegl'to address: - :
(1) The role of the. educatlonal system in computer mstructlon (and the role of
hlgher education in particiilar if assiring computer-llterate graduates); . - L

[2) The relationships and cooperation of university and industry in meeting na- -
~ tional requirements for technological growth; and '

l3) The level of computer literacy needed for the public: ' -

-

B e pp—

63 New Ob]ecuveczm Resource Sha mg B ‘ S A

ucation has always had E slémflcant amount of 1 _resource sharmg

(research libraries; jolgtigqurisies,iphysrcal plants), the rapid pace of change and the
difficulty of continuing to support the capital needs for research and mstrugélonal fa-:

cilities will necessitate new approachgs: There will be a new emphasrspnis aring in- -
_formatlon (data bases and softwarel r' ther than sharlng computer power: lssues of ac-.

" like CONDUIT (software sharlng) and EDUNET (a facrlltatmg network for access to.a

- variety. of 1 umversxty computing resources) will need'to be emiilated or expanded. For

example industry may be able to provide access to specialized resources for instruc-

; tron a research use (e g. computer-aided design and manufacturing facilities); but

L ERSr! TN vl Rt ¥ ol ettt It iy ST U et o P U b

: nat'iqns . . .

-

'I’he structure of higher educatlon while traditionally resistant to innovation; wrll

'be dramatically affected by the changes brought by information technologies: Previ-
ously stable campus organizations will be challenged by innovations which affect.the
basic assumptions that govern them. For instance, today the library, printing plant :

" mail service, and computer facilitysee themselves as providing very different services..

However, the introduction of electronic mail, the access to brbllographlc informati

through terminals; and the compnter composmon of text ready for printing all ch 3

lenge current assumptions of orgamzatlonal separation:

These services are all concerned with the transformatron and dlstrlbuhon of mfor-

mation. Organizational focuses will shift more towards the fundamental task of mov-

ing information through networks. Joint planning will be needed to avold unnecessary

-, duplication-and uncoordinated standards. Infor .iation technologies’are a catalyst for
organizational change because they alter the framewdrk for producing and transmit-
ting knowledge, a basic fiinctiofi of hrgher educatlon

o,

6.5 Opportumhes in Instructmn S S

ways:




(1) The current primary instriictional fermats (lectures. disciissions, experi- ’
ments; papers) will be augmented and siipplemented by computer usage. Low
cost; high quality coursg material on video disks will greatlyexpantNoday’s video

I~ technl@es Access to sophisticated computer-aidéd instructional fachiy

-as PLATO will rapidly increase as tHe new low-cost 1 microprocessor terml
_duce the costs of, and the dependence.on, communlcatlons . ..

. e (21 Access to educatio‘n-—today obtained by being on c’empus or by using hm-

i
g

itetl T.V:access—will change slgmflcantly when the average student has a ‘porta-

) L ble term/mal/dlsplay/mlcreprocessor to access material; to submit papers; and to
'commumcate wrth,mstructors and other students. ‘

: - .- "Fhe ngtion dnd. nature of’ cohtmumg educatlon will change when students and .

"'. (cable and TV -fccess o infdi'mahon) will opéen new directions Jor satisfying the r rlsmg
" ' demands for mstructlhn -and home access-to' course material will provide new oppor-

(unmesjor contmumg educatlon - ;;,' R
ie By . . : ‘
"6 6 Support for Qornputmg Research W

LA Budgetary pressutes in -hlgher educa‘t‘ron in cpn;tmctlon wrth the high cost and
i brieflife spah of state-of~the;art equipment will stimulate new, appl/oaches for develop- -

ihg cooperative: research Consortlu;ns between umversltles and mdustry will become -

. far migre frequent as Ways to tagkle ‘miitiial reSearch and diicational issiies. Rapid ad-

vances in informatien technology are' placing additional burdens on’ bigth the public .

and private sectors. Developments in migtoelectronics 7whichi stimulate. the re-engij-

as

i ltyJ\ave greatly eXpanded op onﬁ -for remote-communication.**Teletext’ faclhtles—

neering of manufacturing equrpment and contrpl mac mery place new demands on -

engineeririg-and computer science programs. In _addition; the new emphasis on infor-
fnation management in business creates a high démand for people.with both business

" and computing exp‘erlence’ and for new research in computer apphcatlons and the de-

cisionsciences: = . ' o Ll
~  While industrial and state government,support for research in‘\mtyersines may |

increase substantially, a strong role for the federal government is still reqmred” partic-

. ularly in areas. relating to national- mterests (to support defense andto maintain the
* = U.S: technological* lead. tn computlng and- electromcsj In the same way that.redearch.
facilities in phiysics’ are4n0w supported as nahonalresources it will Be important for*:

the federal government to fund advanced C’omputer research laboratorles that cannot

."be mt;intamed By a single state or umversnty L el
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R STRATEGIES AND RECOMMENDATIONS

FOR NATIONAL ACTION

7, 1 Reasons for Natlonal Actlon ‘ .

We could argue-that, since computing in higher educatron has had little federal

. support during th1s recent perlod of great change, there lS no need for natlonal actlons :

_eral programs (the capltal program m the '60 s for acqulsltion, the network programs, - )

‘ -and support in computer science and-science education by NSF). These irivestineritsk

may be, |tidged a remarkable success: the handful of colleges: with computers in the

- -.’60’s has grown to almost 100% of schools today; entire industries were born based on
. universlty research and tlmesharlng networks. - : : '
. The results aof this study’s survey of the issues and the meeting of the Consensus

__;Panel revealed w:dea,greement on-the-issues- fBGmg thenatlonand hlgher educatlon -in

"' the transition to-an information society.!.

. Other nations are developing hlghly lntegrated plans for acceleratlng their tran-l ‘ o

9 sition to information-based economles tlvough joint efforts of lndustry,.govern-
ment; andieducation.

; Increased product1v1ty and trade Wlll be closely linked to our ablllty to apply the
»restlts of new developments in m1croelectron1cs, computing, and communlca-

gons . [

* The Unlted St{tes faces a cr1t1cal shortage of people educated t{) use: these new -
tools and, in turn, hlgher education faces severe resource problems (faculty and °

y facilities) in responding to, ‘Jhese national needs.

. lndustry and government are concerned with these'i issues and are supportlve of e

j the development of strategles toi 1mprove our national posntlon

7 2 The Informatmn Socxety and nghe:- Educatmn

2 In what ways does the; change from ar, mdustrml soctety to an mformatton socrety N

B requlre a new role for higher educdtion? o~
v:" . Institutions of higher education will be ca'l‘led upen to prov1de greater opportunlty‘

. for life long learning and for retralning to meet the. needs of néw technological devel-

- opments. Increased public awareness of, and. ability to use, compiiters will compel'
schodls t6 incorporate new technologies i in l their services; and-greater emphasis on the
storage, retrieval, and disserfiination: of information will. lead-research and library ac-

tivities towards.developments: whtch make information more useful to science, tech-
nology, and the advancement of knowledge

What new opportumttes does the merger of mtcraelectromcs and qommumcatlons
provrdeforhtgher educaflpn? . v . i
The broader base of users and the greater number of computers create the potential

’ibr dramatisally lower software costs; lawer costs. m ‘turn. ftirther‘ increase access

- 1. These statements were develo ed in coniﬂk:tlon with the Consonsus Pariel and Stadrlng Commtttea

"
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* perit greater flaxlbillty in instruction (e:g: by the merging of computers and v1deo-.

*. . disks). Advances in communications will cgrtnbuta to more distributed education-

systems that provide greater opportunity for | rning at home and other places off cam-
pus, and will allow increased access to national networks for more resource sharing: .

- What effects wrll the “m{ormauon exp]osrdn" and new technologies’ fastormg, re-
*  trieving, and distribiiting. mformatlon have on higher education? .
New concepts of information’ shdrmg are emerginﬁgrta blurrmg of the dlstinctlon

; between computer centers, resource centers; and libraries; greater mterdep dence;

with resoiirce. sharing and shared collection development; and increased dissamina-
“tion of information outside of ediicational instititions for more productive use by the .

pnbixc -and: pririata sectors.These developmentswill require’sybstantial capital invest——

* ‘ments. In addition; resources will be needed to convert libraries to more efficient stor-

age and retrieval systems. In order to.accommodate increased private sector involve-

ment in information services {e.g. in developing data bases and converting documents -

, 'into ficroforims), instititions. w111 have to develop new pollcres for information stor-
T " -age. and dlssemination ~ . L .

How have other nations used hlgher education to advance their nauonal information .
pohcnes? . ‘ :
Other natlons have recogmzed the role of computing in the developmant of theif
national plans and are investing in research and training with a focus and an a scale _
not found in the United States (e.g. vector.computers for university research in Ger-

many, Denmark; and Great Britian; prograiis_to place microcomputers in all French

-high schools) Japan has set ambitious national goals for an informatiori society and for -

leadership in electronits through coordinated efforts requiring cooperation between .

business and education; and Canada has considered higher education in piannmg
telecommunlcatlons and economic policies (including partrcrpatlon ina natlona] ins. .
formatlon netWork) LA

Federal and state governrnents and mdustry need to provide support and dll‘BC-;

tion - o,
)] T ncourage resource sharing (egisoftware data bases) i an envrron;ent‘

acterized by the hxgh cost of software and the low cost of hardware.
(2) To davalcp. avalnate. and dlssemmate currlcula and new approaches for using

compntersm mstructlon. )
o (3) To provide computer resoiirces for research activities that requrre ]arge-scale b
it investment (e:g. VLSI development);
K {4) To support research and development in order to respond to national informa-
. tion .needs and to maintain U.S. leadershlp in technology and communica-
 tlons: . ; R .

7.3 Strategnc Recommendatlons BT ;

Any attack on the natlonal issues will require participation by a number of consti-

tuencxas—lndustry. federal and state government, higher education, associations; and

. societles H'ovéever. in order to act we.must have a focus for action. The focal pomt

S . : -

B

:J\

ERIC

Aruitoxt provided by Eic:




~

T 1s wWe propose that the Natlonal Sc1ence Board take the rasponsrblllty for establlsh-
ing a commission torinvolve p{o%ﬁsronal,,mdustrlal educatiofial, and government

groups in a series of activities focu8ing on the issues surrounding computing in higher

edlicatioﬁ The tasks shonld include -but not bellmited to' '

. lnformlng the public about issues .

~ + Stimulatingcurriculum development Y
* [dentifying new strategies for human resource development partlcularl! to en-
suge the equality of opportunlty : ']

— e Expand]ng research programs - oo - B - ? = { P PO
»~ Coordinating iﬁé development of standards for computing in higher education
The comm1ss10n'—in carrying otit the above responslbllltles. should work closely

wlth representaglves from:

Industry . LT
« To deVelop long-range projections of human resource needs in computmg and ﬁ
ﬁclmotoglcal frelds -

,,,,,,,,,,,,,,,,,

,,,,,,,,,,

*Toe encourage the development of)oint research pro)ects with uiniversities

-
N L]
. _ A
-

Umversrtles . .

. To develop priorities and plans for prov1d1ng the computlng env1ronment
" needed for ediication and research .

* To pursuijgorously the sharlng of computing ang information resources and
curricular nifiterials, both on campus and amogglnstltutlons "

+ To develop more efficient mechanisms for traﬁsférriﬁé technology from univer-
sities to otherL&ments of soc1ety .

. To improve the mechanlsms for contlnurng education in computing —

* Toinitiate approprlate shared research activities w1th lndustry

Gongress : - . . . -
. TPj’llPF",’l? the{resources for\programs ldentlfled that support natlonal needs in’
computlng _

"+ To establlsh coordlnated national lnformatlon palicies ) -

* To develop incentives for resource sharing between industry and hlgher educa-
. tion, and among educational institutions _
» Ta encourage the developmant of regulatlons and tax laws favorable to research.
cooperatlon and shared development (e.g. patent and copyright}

» To recogmze computtng as an essentlal natronal need and computing in higher
edncation asa natxonal resource
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. National Science Foundation
.~ * Torecognize computing agiq fundamental component of science and technolpgy _
and to.focys the currentl&r fragmented pr'o"gr’a"m's within the Foundation SN

"+ To promote and siipport programs for developmg. assessing; and disseminating
, Curricularmaterials i - g :

e To support national resource sharmg and cooperatlve approaches . ;'
* To support the needs of computer scrence and mformatlon sérence. recogm@ng '

i these as laboratory sciences ith’ special requrremems for; uman resourcg de-

velopment and for equrpment

i,
1

computing as a naponal resource

+ To strengthen scrence and mforrnjt

-+ To-contirue efforts to create an envrronment in whlch edu tlon and research :

-particularly in computing; can floiitish wrth a mmimum of constraints ;mdrﬂg

latlons . T g

Pﬁiféééiiiﬁéi Groups and Associations -~ . *

* Toserveasa catalyst for rnrtratrngcooperatwe programs among mdUStry. hlgher
educatron and government in achrevmg the goals outlmed above
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A CGNSENSUS STATEMEN o
. THE PANEL-ON COMPUTING 1}1\11) HIGHER EDUCATION -

'APPENDIX A '. .

Dr, iro‘iﬁgSham;caaifﬁian;, 5.
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MarcHSO 1981 ., . ' T

- National Screncaf“oundatmn : : _ o % ::

.
'

**The views expressad herain do not hecessarlly reflact the vwvvs of the National Scn-

—"enceFoundatmn T L : T

Y

_iNT_RooucrroN o " : o s

tﬁ}aaay” . )
’ ’ 7-—Pierce Report 1967

Computlng in hlgher educatlon‘contlnues to grow wildly. and |s stlll appi‘oachlng |nfa7ncy B
Today over-2% of the higher education badget is devoted td‘computtng—one illion dotlars a
year. Yet with the rapid penetration of computers:in soclety. there will be the pd to devote an

even, grealer qhare of the tfesources of higher education to computmg o

" ity of transition; with a wide variety of options 1microprocessors. networks. computer-alded in-

struction. administrative growth] pose Both problems and opportunities. .
The purpose of this panel Is to call attention to the impoggance of computing to nat|onal and

: educational goals and to recomniend actions to strengthen the role of computing.as the United

States becomes an Information Society. By obtaining'a consensus we are emphasizing the need
for cooperation and sharitig among institutions of higher educat|on the federal government, and |

- the business and industrial sectprs.
Our framework for racommending programs and policles to address thesa issoes at_the na-
tional level is the recent study K

her Educatlon An Accidental Revolutnon'

. Unwerslﬁe n)ust respond to these rapid tachnologlcal changes in order to ma|ntln the
relevance and quality'of education. to improve productivnty. and to take full advantage of
thene-w opportanities: ‘ ) " :

The‘fnformatwn Soclety . .

The United States is. rapldly transforming from an-economy | basad on industrial production’ i

s,

* toone based on the transfer of information. Computers are now-used in all aspects of daily life to .

imprové the foel econdmy of cars and homes and ta provide more efficient services. These
changes. along with the merging of communications and computes, are causing the e emergence of -
an informatlon-based economy—the transnion from an |ndustrtal to an informatlon society-

[ .

4
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labior force holding Information-related jobs; and earning over one-half the labor income. The

\ . Information is clearly the dominant national comniodity, with approximately one-half the

Porat stady and Department of Commerce statistics show that information activities now account
\__ for over 46% of the GNP. The importance of infotmation teclinalogy to the economy is empha-
N sized by the fact that in the sale of camputers there s now a balance of trade sarplus estitiated to
- be$6billion... ' - ’ ’ '
' Prodiictivity and Computing

__ Advances in microslectronics and telecommunicatishis croate opportunities for greater pro-

. ductivity; more efficient use of energy, increased exports, and ‘access to a-great diversity of infor- .

‘mation and educational resaurces: It is Important that the United States maintain its lead {n the

~ ¢ proving praductivity. For example, in industry they provide savl
" computer-aided dos{gn and manufacturing (savings as great as
* through computer-m¥naged and compiiter-aided insiruc

* Information activities with.terminals and-data bases:

1 ediication and training

se computing developments are depen-

dent upon adva ents in training and research—areas in which higher education has always - )

played an important role. e o T
The lead which the U.S, has always hadin technology is now threatstied by the significant
is are making

- <investments which other nations are making in research, development, and education: Efforts
must be made to increase p_roductiglf. through re-invastment in fagilities, throigh significani

"+ . new applications (e.g. through officeffutomation and computer-aidad design and manifacturing;)
R . and thraugh training and fe-trainind. In addition, national defense needs call for déveloping so-
O phisticated information technologies and well-trained persohnel: ,

' Higher Education . L

- This Consensus Magting calls attention to thp rola which higher education will need to'play
in'the transition from an industrial to an information-based economy. National needs for in.
cratised productivity and a literate and well-trained p nands for relavant sdi-

roaches. Higher education must.make “significant changes in
* order ta respond to these demands through reallocating funds; generating new capital, and devel-

oping innovative educational approaches. .
57 [5 Ao alsts T o

cation and new educational approaches: Higher educat

. support these. needs, Already‘there is a crisis in computer science—the faculty needed to.teach

- the grawing niiriibers of stu preferring to enter industry in order to have dccess fo ip-to-
.- date research facilities: This résitlts in the twa-fold problem of not nough gradudtes with ad-

- vaneed degrees and not enough faculty to provide computing education, * - ° -

# . " In the following consensis statement we consider specific issues coneerning the role of com- -

" <. puting in higher education and recommend actiaris to strengttien the contribution of higher edu- .

cation to'national goals. ~ : ; S e
. o .,‘,'-;L,, . S . ey, .
- A CONSENSUS STATEMENT: = ..
THE PANEL ON COMPUTING AND HIGHER EDUCATION
1. What s the role of computing in higher ediication?, . o
- (@) Supports tiaining In the fise of the camputer in research
_ - segments of the public and private sectors
. (b) Provides a technological base of people, facilitiss, an
o (c) Inicreases access to information, both within it

;Anstruction; anii;ésé' and al

N Do 3

kY
A

... Anformation technology fields, particularly because computers offer a.major opportunity for im-- -
ngs in time and effort through -

siness through maiiiif;hif; '

-8

or crisis in training conip'[;_ii\'e_i* séieﬁﬁg@;ihgiﬁ isa iﬁck ﬁfjjipijiii'i to gi-ii&;iiijé B
ds to a shortage of faculty. New capital is also required for the equipment'ta,

all;



-2, ln wh al.ways doea the,change from an industriai society to an int‘ormation sociaty. in which "

. role for higher education?
L @ Opnortunitias;?or life-long iearning

(b) Re-training fornew technologicatdevelo' ;
3 " (c) Public awareness of, and abillty to use, computers

(d) Greater emphasis on theﬁstforége , Jetriaval, and ;i,issemination of information to mak it
———— ——--most-usefu

.. ‘.

*'4

«

-~ " ‘ ~thenatioﬁaldualityoflir

3 What new ty)port‘unities doea the merger ot‘ microeiectronics and communicatlona pmvide

for higher education?

S

idual terminals and computers for tndentnse

;& ib) More emphaais on individuatcom aters/terminals and decentra ems permits-l'
- %-7 ¢ greater flexibility in instruction (for éxample, the merging of computar;s and videodisks) '
; '(c) Accessfo ha tional networks provides more resource. sharing -

SIR 'td)The broader baae of users; and the greqter number ef computers create the potentinl for
© dramatically lower softwaie costs | ’

. ..(e) Distributed education systems provide the opportunity for education at home and other

: places off campus J

- . . . "
Y ~

4 Whn ei’fects will ths “information explosion" and new technologies for storing, retrieving,

s and distributing information have.on higher education?
' (a) Néw concepts of information Hharing ’ .

*1. Blurring of th istinction etween computer centers res‘ource centers and Iibrarrea
2. ‘Greater interdependence

3 Increased dissemination of information outside-of educational institutions for more

sy .. productive use by the publicand private sectors ,
"These deyelopments will require substantial capital investments: - 7
(b) Increased allocation of resources to. convert iibraries to more sfficient storage an

trieval systems (which may be provided through national networks)

{c) New -policies to‘accommodate private. sector involvement i infonnatiofi services (og. "
developing datahases or converting documents rnto microforms) :

o o«
. . .

‘5. How have other nationa used higher education to advance their national information poli- .

-ciea? N
(a‘] cher nations have recognized the roleof computinginth VBIOPL"‘,"!!?,‘J@’J!E‘?EQ“,"J -

h.a focus and on a scale not found in

g vector cornputers for ﬂhiversity reSearch, use in Germany, Denmark, and

yograms {0 place mrro&omputersin ail French high Schools)

- {b) Japan has set ambitious national goals for formation society and for | adership i

electranics through coordinated efforts retmiring cooperation between husiness arid edu-.

cation ) _
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sciencs;- technoiogv. and the’ advancement of- kriﬁiedge,.and 16: unprove::.::i:: —

(a). Cawsi costs»allow hroader uge: grehter accesh 'throughout the university and more indi-' o /"




AR

(c] Canada has gonstdered hlgher educatton in planmng telecommunications and egonomic

pollmes (including participation in a natiofial ififormatiofi network)

. B What a ur‘e the-critic lareas requiring national suppor‘t'x‘\/ e P

" Federal and state gov s and industry need to pronde support and dtrectton to Sy

(a) Encourage resource. sharlng (e:g: software; data bases) in an environment which is charv
dcterized by the high cost of software and the low cost of hardware

(b] Develop, evaluate, and disseminate curricula and new-approaches for using COmputers
in instraction

(c) Provide computeriresources for researeh actIVItles Wthh requtre large scale investment
{e.g. VLSI deve opment)

(d} Support R&D ‘in_order to respond to natjonal iniforination needs and to maintain U.S:’
leadership in technology and communications

'* .
%

CONSENSUS ISSUES

STRATEGIC RECOMMENDATIONS ;

! it

The basic step needed to achieve the goals of improving naticial producttvrlrty through compuhng

.. in higher education and enhancing the quality and effectiveness of higher education is for the"r«

National Science Board to create a commission to work with professional, industrial, educational -

and government groups to develop cooperatlve programs for supportmg computing in higher ed-

L. ldenttfylng pohcy lssues for Congress and l'ederal agencies
. Informing the public abouit issues
« Stimilating curriculum development
. Identifying new strategies for human resource development particalarly to assure the
equality of opportuiity
* Expanding research programs
* Coordinating the development of standards for computing in htgher educatlon

+

-

The commission. in carrytns out the above responsibilities. shall work closély with representa-

tives from: - 7
,,,,,,,,,,, K-

Industry . < :
* To develop long-range projections of human resource needs in computing and ;echnologi-
cal fields ? S
S+ To work W,",h, nﬁnWerslttes to share unique resources inéluding industrial/academic staff o
exchanges and fellowship support | o
+ To entourage the development of )otnt research pro;ects with universities - * vjﬁ
Universities . .

. To develop priorities and plans for provldlng the computing envtronment needed for edu- s

‘ . ‘,
ftechnology frorh unmersttles to-
other elements of society , . K

* To improve the mechanisms for continuin
* To initiate appropriate shared rasearch actlvmes wlth lndustry

41
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Congress s -
* To allocate the resources for programs rdentifred which support natmnal needs in camput-'
ing : -

-

*To establish coordinated natronal rnfarmation policres
* To develop incentives for resource sharing between industry and higher education and
. . among educational institutions
S . *To encourage | tha development qf regnlaitironsiand tax laws favorable to research coopera-
tion and shared development {patent; copyright}”
* To recognize computing as an é;;éﬁtiél natignal need end computing in higher education-
as a national resource . ' :

. » To recognize compntmg 8sa fundamental cofhponent of science and technology. and to
" focus the currently fragmented g programs within the Foundation T L

* To promote and support programs for developing,; assessing and drssemmatmg curriculal: T
materials

K To support the needs of computer science and rnlormation science, recognizing thi

laboratory sclences with special requirements for human resource development and equip-..
.ment

.

v
’

The Executlve Branch

¢ To strengthen science and information policres recognizrng the rmportance of computrng '

as a national resource
\\. * To continue efforts to create an envrronment in which education and research; partrcularly
in computing, can flourish with-a minimum of constraints and regulations ; .

Professwnal Groups and Assocmtrons L :
* Toserveasa catalystJn initiating cooperatlve programs among rndustry. hrgher education

and government in achieving the goals outlined above .
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